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Soluble organic materials of particulates collected from diesel and
gasoline-powered vehicles were separated into three fractions according to
their polarities. These fractions were: (1) the polynuclear aromatic
hydrocarbons (PAH), (2) the medium polar compounds or the "transition"
fraction, and (3) the highly polar compounds or the "oxygenates". This
separation was achieved on a high-performance liquid chromatographic (HPLC)
system using a normal phase silica-gel column, and eluted with three solvents of
different polarities. The solvents were: heptane, chloroform and acetonitrile.
Analysis of the PAH fraction as separated above was then carried out using a
reverse-phase HPLC procedure, and some of the compounds contained in the
PAH fraction were identified and quantified.
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The soluble organic fraction of exhaust particulates emitted from diesel
and gasoline-powered vehicles are known to consist of a complex mixture of
organic compounds including hydrocarbons from unburned fuel and lubricating
oils and oxygenated products formed from incomplete combustion. Some of
these compounds, for example, poly-nuclear aromatic hydrocarbons (PAH) are
4
known or suspected animal carcinogens. As a result, there is great concern for
the possible health effects of these compounds in humans. This concern has led
to extensive research efforts recently in the analysis and identification of
potentially hazardous chemicals in automobile exhaust particulates.^’^
Because of the complex nature of the particulate-adsorbed organics, a
separation or fractionation step is generally required before a detailed analysis
can be carried out. One of the most widely-used fractionation methods in the
past was by open column chromatography (Rosen Separation Scheme).^ In this
method, a glass column of 10 to 20 cm length packed with silica-gel or alumina
was used. The sample was then separated on the column into aliphatic,
aromatic, PAH, and polar fractions. There are, however several disadvantages
associated with this method. First, it was very time consuming because the
solvent flow rate was slow and the whole procedure has to be carried out
manually. Secondly, it lacked a clear-cut separation of the compound classes
because of the low resolution of the column. Thirdly, it was difficult to achieve
reproducible separation since the chromatographic conditions were controlled
manually.
Recently, the rapid development of high-performance liquid chromato-
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graphic instruments and column technology has largely eliminated the above
problems encountered in the classical open-column chromatography. Because of
its analysis speed, instrumental precision and the high analytical resolution of
the micro-particle packed columns, HPLC has established itself as an ideal tool
for the separation of complex mixtures. In a recent study, researchers at the
Environmental Protection Agency (EPA) laboratories have successfully devel¬
oped an HPLC procedure for the fractionation of vehicle particulate extracts.^
This method provides more rapid sample processing and better analytical
reproducibility than the Rosen separation scheme. However, there is still the
problem of chromatographic overlapping for different classes of compounds.
For example, there is no clean separation between PAH and other medium polar
components. There is also the uncertainty about mass balance, i.e., part of the
highly polar compounds may not be elutable under the conditions used.
The foregoing considerations led to the recent development of yet another
g
HPLC procedure by Lee ^ al. in Ford Motor Company Research Laboratories.
In this method, a commercially available Silica-Gel Column (Radial Compres¬
sion Column; obtained from Waters Associates, Inc.) coupled with a gradient
mobile phase system consisting of heptane, dichloromethane (or chloroform) and
acetonitrile was used for the separation and fingerprinting of extracts from
diesel exhaust particulates.
The method separates diesel particulate extract into three fractions
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according to their polarities. ’ These fractions are: (a) PAH, (b) the medium
polar or "transitional" fraction, and (c) the highly polar or "oxygenated"
fraction. Although the method seems to provide improved separation and
resolution as compared with the EPA method mentioned earlier, its suitability
as a preparative method for the isolation of each individual fraction for further
3
detailed analysis remains untested.
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In this work, Lee's method was applied to the analysis of particulates
collected from various sources including: (1) diesel particulates from standard
automobile exhaust dilution tube facilities located at the Ford Motor Company
Research Laboratory in Dearborn, Michigan, (2) vehicle exhaust particulates
along the highway at the Allegheny Tunnel in Southwest, Pennsylvania, and (3)
urban air on the roof of Ford Motor Company Research Laboratory. The main
objectives in this work were the following: (1) to further study the feasibility of
the method as a screening tool by analyzing different types of particulate
samples, (2) to investigate the suitability, of the method as a preparative
separation procedure for the fractionation of PAH for further analysis, and (3)
to develop an HPLC procedure for the analysis of several polynuclear aromatic
hydrocarbon compounds in vehicle exhaust particulates.
EXPERIMENTAL
Reagents
All the solvents used were "distilled in glass" and were UV grade obtained
from Burdick and Jackson, The standard compounds used for HPLC retention
time calibration were purchased from Aldrich Chemical Company, Analabs,
Inc., and Columbia Chemicals. Stock solutions of these compounds were
prepared by dissolving a known weight of each compound in a measured volume
of methanol, acetonitrile or dichloromethane depending on their individual
solubilities in these solvents. Working standard solutions were then prepared
from the stock solutions with concentrations ranging from 2 to 100 ng/pl. All
the solutions were stored in a freezer at -5° to 0° when not in use. Since most
of the standard compounds used are known or suspected animal carcinogens,
they were generally prepared and handled with appropriate protective clothing
and disposable gloves in a hood. Periodically, the work area was cleaned and
checked with UV black light to make sure that no contamination had occurred.
3Radioactive H-BaP (Benzo [a] Pyrene) with a specific activity of 14
Ci/mmole was purchased from Amersham Company. The original solution was
diluted with benzene to 1 pCi/ml, and was stored at 0° in the dark. The solution
was periodically purified on a freshly packed 10 cm silica-gel column in order to
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ensure radiochemical purity. The scintillation cocktail used for Counting H-
BaP radioactivities was "Instra-Fluor" obtained from Packard Inc.
Instrumentation and Apparatus
A high-performance liquid chromatography system from Waters Associates
was used for HPLC analysis. The system consisted of two Model 6000 solvent
4
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pumps controlled by a Model 660 gradient solvent programmer. A Model 710A
WISP (Waters Intelligent Sample Processor) was used for automated sample
introduction. A Schoeffel Model FS 970 Liquid Chromatographic Spectrofluo-
rometer was connected downstream of the column for fluorescence measure¬
ments. A Model 3380A printer—integrator from Hewlett Packard was used for
the recording and the integration of fluorescence responses.
In some of the HPLC applications discussed in this study, a three-solvent
gradient elution procedure was needed. The Waters dual pump HPLC system
was not capable of controlling a three-solvent system in an automated fashion.
In order to solve this problem, the solvent supply line of one of the pumps was
modified as follows: The solvent inlet of the pump was connected to one of the
outlets of an air actuated 4-way Valeo valve. Chloroform and acetonitrile
solvent supply lines were then individually connected to each of the two inlets
of the valve and the remaining outlet of the valve was connected to waste. The
valve was controlled by a repeat-cycle timer switching on and off at preset
times, thus allowing the selection of either chloroform or acetonitrile flowing
through the pump to the column while the other flowed to waste.
A Radial Compression Column (Silica-Gel, type B) from Waters Associates
was used for normal-phase HPLC fractionations. Reverse-phase HPLC of the
PAH fraction was performed on a stainless steel column (50 cm long; 4.6 mm
I.D.) prepacked by Alltech Associates with 10 y Zorbax ODS (Dupont).
Radioactivity countings were performed on a Beckman LS 700 Liquid Scintilla¬
tion Counter (LSC). A Kontes "modified" Soxhlet extraction apparatus was used
for particulate extractions. An array of six Soxhlet apparatus was set up on a
Fisher's Soxhlet extraction heating device.
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Analytical Procedure
Particulates were analyzed employing the experimental procedure out¬
lined by the flow diagram shown in Fig. 1. The total particulate weights were
calculated by difference between the weights of the blank filters and the
weights of the particulate-laden filters. Detailed descriptions for each step are
given below:
(a) Soxhiet-Extraction — The particulate-laden filter papers were folded
and placed directly in the Soxhlet extraction chambers. About 120 to 150 ml of
the extraction solvent was placed inside each flask, and the entire apparatus
was then wrapped with aluminum foil to insulate the samples from light. The
extraction was then started and left to run overnight (about 16 to 20 hours) with
a solvent cycling rate of about 10 to 15 minutes per cycle.
(b) Concentration of the Extracts — At the end of the extraction, a
brownish solution was obtained in the flask. The extracts were then
concentrated by removing the excess solvent from the samples. This was
achieved by a two-step procedure. The first step involved removal of the
solvent down to a volume of about 1 to 2 ml by evaporation under reduced
pressure at about 45° using a rotary evaporator. The final 1 to 2 ml
concentrate was then transferred with disposable pipettes to a preweighed 5 ml
minivial, (see discussion on gravimetric analysis). To ensure complete sample
transfer, each extraction flask was rinsed two to three times with about 2.5 ml
portions of the extraction solvent, and the rinsing solvent was transferred to the
minivial. The concentrate in the minivial was then blown down with dry
nitrogen gas to complete dryness under moderate heating (40°).
(c) Gravimetric Analysis — Extractable mass of the particulates was
obtained by weighing the extract after the solvent evaporation process
7
Fig. 1. Flow diagram showing the experimental procedure employed in the
analysis of vehicle particulates.
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described above. A typical procedure involved the following steps: The
minivials used for containing the extracts were cleaned by rinsing several times
with dichloromethane. They were then dried in a 110° oven for about two hours
and then left in a constant humidity room for about three hours. The empty
vials were weighed first and the extracts were then transferred to them. After
the extracts were dried, the minivials were again placed in the constant
humidity room for at least five hours. They were then reweighed until a
constant weight was obtained. The weights of the extracts were calculated by
difference between the weights of the minivials before and after the extracts
were placed in them. These weights represented the total extractable organic
material in the particulates. The percent extractable for each vehicle
particulate sample was calculated by dividing the weight of the extract by the
weight of the particulate on the filter paper before the extraction.
(d) Fractionation by Solvent-Solvent Partition — A solvent-solvent parti¬
tion procedure was tested in this study for the fractionation of vehicle exhaust
particulate extracts. The solvents used here were pentane, dimethylsulfoxide
and water. The procedures employed were those reported by Natusch and
Tomkins.A brief outline of the procedure is illustrated in Fig. 2.
(e) Normal-phase HPLC Fractionation — Before HPLC analysis, the dried
extracts obtained from the previous steps were redissolved in 2 ml of
chloroform or dichloromethane. A 5 to 10 yl aliqyot of the extracts was
injected into the column. The mobile phase solvents used were heptane, chloro¬
form and acetonitrile using the elution profile shown in Fig. 3. The sample was
injected when the column was eluted with heptane. The LC system was then
programmed as follows: (a) gradient elution from 100% heptane to 100%
chloroform in 10 minutes using gradient curve 7 (non linear gradient preset in
9
Fig. 2. Flow diagram showing the solvent-solvent partition procedures for









Fig. 3. Diagram showing the mobile phase elution profile during normal-phase HPLC
fractionation of vehicle particulate extracts.
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the solvent programmer, see Fig. 3), (b) isocratic elution under chloroform for 5
minutes, (c) switched from chloroform to acetonitrile and held at the latter for
10 minutes. After the completion of the analysis, the solvent was then back-
programmed to the original conditions in preparation for next sample injection.
The final flow of chloroform through the system before returning to heptane
flow (see Fig. 3) was necessary to ensure complete miscibility of solvents that
came in contact with each other. At the end of each run, a 15 minute column
equilibration period was allowed before the next injection.
Prior to using, each mobile phase solvent was degassed by pulling a
vacuum on the filled reservoir while stirring the solvent ultrasonically.^ ^ This
was important not only to avoid bubble formation in the HPLC system, but also
to provide reproducible fluorescence measurement by eliminating oxygen
quenching problems.
3
Determination of Percent Distribution of H-BaP Internal Standard in
Various Fractions of a Diesel Particulate Extract after HPLC and
Solvent-Solvent Fractionations
3
Radioactive H-BaP was used as the internal standard to assess the dis¬
tribution of PAH in various fractions of a diesel particulate extract, and to
assess possible material losses during fractionation procedures. A typical
radiotracer method involved the following steps: The sample aliquot used in
3
each fractionation method was spiked with a 10 jil aliquot of radioactive H-
BaP. After separating each sample aliquot into fractions, a known volume from
each fraction was placed in a radioactive counting vial and counted in a liquid
scintillation counter. After quenching corrections (Beckman H number external




Extraction of particulates was carried out with dichloromethane followed
by acetonitrile extraction of the extracted filters. In a recent study done by
12
Paputa and Lee on the solvent extraction efficiencies of organic compounds,
they reported that a binary solvent system consisting of an aromatic and a polar
solvent, e.g., toluene—propanol, extracted more organic materials (by weight)
than a single solvent system such as dichloromethane or toluene. But
dichloromethane was still chosen for this study because of the following
reasons: (1) It has a low boiling point (40-41°) which made it possible to extract
the organic materials in the particulates without heating the sample to very
high temperatures, thus minimizing the possible occurrence of chemical
degradations. (2) Its low boiling point made it easy to remove during the solvent
evaporation process. (3) It has a large data base available on the mutagenicity
of vehicle particulate extracts.^
The extraction of the filters with acetonitrile following dichloromethane
extraction was carried out in order to extract highly polar organic materials in
the vehicle particulates which might not be extractable by dichloromethane.
The data listed in the last column of Table 1 confirm that indeed there is sub¬
stantial amount of material which can be extracted by acetonitrile after
dichloromethane extraction.
However it was observed that acetonitrile extraction was important only
for the most polar compounds but not for PAH and transitional compounds. This
is evidenced by the chromatogram shown in Fig. 4. In this figure, chromato¬
gram "a" was obtained from a dichloromethane extract, and chromatogram "b"
13
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Table 1. Percentage extractable mass associated with vehicle exhaust parti¬
culates collected along highways.
Weight of Extractable Mass
Sample* Particulate (Percentage of Particulate Mass)
(rng) (CH2CI2) (CH3CN) t
Run 1 19.0 23.3 4.5
Run 2 3.0 32.9 14.9
Run 3 56.0 23.2 15.2
Run 4 12.5 8.7 7.4
Run 5 110.0 20.2 9.0
Run 6 3.5 33.3 21.9
Run 7 17.6 28.9 2.7
Run 8 22.6 5.0 9.5
* Samples were collected in the Allegheny Tunnel in Southwest Pennsylvania.
All the samples were collected at the same location.
t Samples were Soxhlet extracted with dichloromethane (CH2CI2) followed
by acetonitrile (CH^CN) extraction of the extracted filters.
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was obtained from acetonitrile extract. As seen on chromatogram "b", there is
little or no PAH and transitionaPcompounds but substantial amount of polar
oxygenates.
Normal-Phase HPLC-Fluorescence Analysis of Particulate Extract
As described in the introduction section, researchers at EPA have recently
developed an HPLC procedure for the analysis of diesel particulate extracts.^ In
their method, a 25 cm long, 3 mm l.D. column packed with 20 to 40- y S.G. Bio-
Sil A (obtained from Bio-Rad, Inc.) was used. The diesel particulate extract was
injected into the column while it was eluted with 5% dichloromethane in
hexane. After the elution of PAH and other aliphatic and aromatic compounds,
the solvent system was then programmed from the dichloromethane— hexane
mixture to 100% dichloromethane, thus allowing the elution of other polar
compounds.
In the above EPA procedure, the HPLC separated peaks were monitored
by their fluorescence activities with a Schoeffel spectrofluorometer similar to
the one used in this study. A typical HPLC— fluorescence chromatogram
reported by them is reproduced in Fig. 5a. As seen from the figure, the chro¬
matogram consists of five major peaks designated respectively as , a^,
3, > and They had collected each of these peaks individually for subse¬
quent chemical analysis and biological testings. It has been found that each of
these peaks consists of a complex mixture of chemicals of which onlya^ and 02
have been characterized as mostly PAH. Although very little information is
known about the identities of the compounds in B and y peaks, preliminary data
show that they are probably PAH type of molecules with polar groups attached
and nitrogen or sulfur containing molecules.
One of the most interesting findings of the above study is that the transi-
FLUORESCENCERESPONS 280nmEX./4I8CUT'OFF
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Fig. 4. Normal-phase HPLC-fluorescence profile of a vehicle
particulate extract; A comparison of dichloromethane, "a", and
acetonitrile, "b" extractable organic materials.
Column: Radial Compression column.
Packing: Silica-gel
Mobile Phase: Heptane, chloroform and acetonitrile.
Flow Rate: 2 ml/min.
FLUORESCENCERESPONSE
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Fig. 3. Normal-phase HPLC-fluorescence profiles of a diesel parti¬
culate extract: A comparison of two HPLC fractionation procedures.
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tional peaks 3, Yj and seem to carry most of the biological activities
9
observed in the diesel particulate extracts from Ames testings. Furthermore,
an empirical relationship seems to exist between the biological activity of the
extract and the fluorescence responses of the transitional peaks (area under
B, Y]^ and Y2)* Thus, the method can potentially be used as a screening and
finger-printing technique for the evaluation of the biological activities of the
exhaust.
There are however several problems associated with the above analytical
procedure. For instance, it is seen from Fig. 5a that there is a large overlap
between PAH and transition fractions, e.g., and B peaks. In fact, the up¬
rising baseline and the tailing of the peaks indicate that overlapping exists in
the transition fractions. Furthermore, it is likely that some of the highly polar
oxygenate peaks were not elutable with dichloromethane, and therefore were
lost during the analysis.
A typical HPLC chromatogram for a diesel particulate extract obtained
by the method employed in this study is illustrated in Fig. 5b. As the chromato¬
gram shows, there is a good and distinct separation among the three groups of
peaks. These three groups are designated by "X", "Y", and "Z" in the chroma¬
togram, and they represent the PAH and other aromatic hydrocarbons, the
medium polar compounds or the "transition" fraction and the highly polar
compounds or the "oxygenates" respectively.
Comparison of the Two HPLC Separation Methods
The Radial Compression Column used to obtain the chromatogram shown
in Fig. 5b was basically a silica-gel column in which the compounds were eluted
according to their polarities, i.e., the non-polar compounds were eluted before
the polar ones. The column was different from that used by EPA in several
19
respects. First, the packing in the Radial Compression Column used in this
study consisted of micro-sized particles and thus had much higher resolution
power. Secondly, the column was packed by a special process developed by the
manufacturer which essentially eliminated the column dead volume. This again
enhanced the resolution. Thirdly, the column could be used at very high flow
rates without significant loss of resolution, thus increasing the speed of
analysis.
The retention times of several compounds of different polarities were
calibrated on the Radial Compression Column used. The results are listed in
Table 2. As seen from the table, PAH ranging from 3-ring anthracene to 6-ring
benzo [g, h, i]perylene indeed eluted in the "X" fraction which is well
separated from the transitional peaks. Thus, the group of peaks designated by
"X" (PAH) in Fig. 5b should correspond to a and a2 in Fig. 5a. Although not
further studied, the group of peaks designated by "Y" in Fig. 5b should most
likely correspond to 3, ^nd *n Fig. 5a considering the similarity of the
silica-gel packing materials used in the two methods. The group of peaks
designated by "Z" in Fig. 5b corresponds to highly polar oxygenate compounds
which were probably not eluted in the EPA separation method since no more
polar solvent was used after dichloromethane.
Profile Analysis of Vehicle Exhaust Particulate Extracts
The potential of the HPLC procedure as a fingerprinting method was
tested by analyzing particulate samples collected from different sources. This
is illustrated in Figs. 6 and 7. Chromatograms shown in Fig. 6 were obtained
from extracts of particulates collected from a dilution tube (Fig. 6a), and from
roadway vehicle exhaust collected in the Allegheny Tunnel in Southwest,
Pennsylvania (Fig. 6b) respectively. It is observed that the extract of the
20
Table 2. Normal-phase HPLC calibration of some standard compounds representing







Benzo [a]Pyrene PAH 13.3














Normal-phase HPLC calibration was carried out on a Radial Compression
Column using the elution profile shown in Fig. 3.
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Fis» 6. Normal-phase HPLC-fluorescence profiles of extractable
organic materials of vehicle exhaust particulates collected from dif¬
ferent sources.




Fig. 7. Normal-phase HPLC-fluorescence profiles of extractable
organic materials from urban and ambient air particulates.
Chromatographic conditions same as in Fig. 4.
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particulates collected from the dilution tube contains more material in each of
the three fractions: the PAH, the transition fraction designated by "Y", and the
oxygenate fraction designated by "Z" than the extract of particulates collected
from roadway vehicle exhaust, (Fig. 6b). A probable explanation for this is that
the roadway sample has been exposed to atmospheric conditions which might
have caused some compounds in the particulates to undergo some transforma¬
tions or degradations to other materials, or due simply to evaporation, or
sublimation.
The application of this method was also extended to the fractionation of
extracts from ambient and urban air particulates. The chromatograms obtained
from the particulates are shown in Fig. 7. The urban air sample was collected
on the roof of Ford Motor Company Research Laboratory, and the ambient air
sample was collected along the highway near the Allegheny Tunnel in
Southwest, Pennsylvania. Again, it is observed that the quantitative and
qualitative nature of the two chromatograms are quite different.
Analysis of PAH Fraction
The potential of utilizing the method for preparative scale fractionation
was tested by observing the effect of sample size (loadability) on column resolu¬
tion. The chromatograms shown in Fig. 8 illustrate this. Chromatograms "A",
"B", and "C" were obtained from 0.65 mg, 1.30 mg and 2.0 mg of samples
respectively. As seen from chromatogram "C", up to 2.0 mg of sample could be
fractionated without noticeable loss of column resolution. This helps to cut
down the amount of time required to process large quantities of sample. The
frontmost peak in chromatogram "C" is most likely a false signal due to solvent
pertubation, and the same reason applies to the bulging of the tail of the first
FLUORESCENCERESPONSE(280nmEx./>389nmm.)
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RETENTION TIME (MIN )
S. Normal-phase HPLC-fluorescence chromatograms showing
the effect of sample size on column resolution.
Chromatographic conditions same as in Fig. 4.
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peak in chromatogram "B". The method was also shown to elute over 95% of
the particulate extracts analyzed. Data to support this are listed in Table 3.
As the data show, only 3% of extract was lost during the fractionation process.
High-performance liquid chromatographic analysis of the PAH fraction as
isolated by the normal-phase fractionation procedure was carried out on a
reverse-phase Zorbax ODS column, (see experimental section for column
description). Some selected standard PAH compounds were calibrated on this
column prior to using. The HPLC calibration chromatograms are shown in Fig.
9. The two chromatograms were obtained from the same sample and under the
same conditions. The runs were carried out in order to check the reproducibil¬
ity of the system. The numbered peaks in the chromatograms correspond to the
compounds designated by the same numbers as listed in Table 4. The
chromatogram shown in Fig. 10a was obtained from the PAH fraction of a diesel
exhaust particulate extract separated by the HPLC fractionation method. For
comparison, a portion of diesel particulate extract was analyzed directly
without fractionation on a reverse-phase HPLC column. The chromatogram
that was obtained from the analysis is shown in Fig. 11. This chromatogram
depicts the complexity of the extract, thus underscoring the importance of the
fractionation step.
Identification of peaks from the PAH fraction was accomplished by two
methods. First, tentative identifications were made on the basis of the
retention times, and comparison with the standard PAH compounds. Second ,
PAH standard compounds were coinjected with the sample, and a quantitative
increase in peak height was taken as further proof for identification. The
numbered peaks in the chromatogram shown in Fig. 10a correspond to the
compounds designated by the same numbers in Table 4. The molecular










Loss after HPLC separation 0.4 3
Normal-phase HPLC separation was carried out on a Radial Compression
Column using the elution profile shown in Fig. 3. Weight of the raw extract
injected into the column = 13.1 mg.
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Fig. 9. Reverse-phase HPLC retention time calibration of 9
standard PAH compounds.
Column; Stainless steel, 4.6 mm I.D. x 50 cm.
Packing: Zorbax ODS.
Mobile Phase: CH^CN/H^O (65/35) to 100% CH3CN in 35 min.
Flow Rate: 0.8 ml/min.
Peak identification same as in Table 4.


















1. Anthracene 30.7 67.60 27865 559 0.01
2. Fluoranthene 33.6 0.21 28882 137533 2.90
3. Pyrene 35.7 67.60 29608 437 0.0009
U. Chrysene 38.8 241.50 316898 1312 0.03
5. Perylene 41.2 39.00 467.0 119 0.003
6. Benzo [k] Fluoranthene 44.2 0.24 1070166 4459025 94.70
7. Benzo[a]Pyrene (BaP) 45.9 0.72 33903 47087 1.00
8. Benzo[g,h,iiPerylene 52.2 0.68 4076 5994 0.13
9. Coronene 65.5 33.00 162605 4927 0.10
Reverse-phase HPLC Calibration was carried out on a stainless steel Zorbax ODS column.
* Counts = Integrated area recorded on a Hewlett Packard 3380A recorder-integrator; arbitary units.
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Fig. 10. Reverse-phase HPLC-fluorescence analysis of PAH
fractions enriched by normal-phase HPLC fractionation and sol¬
vent-solvent partition methods.
Chromatographic conditions same as in Fig. 9.
Peak identification same as in Table 4.
FLUORESCENCERESPONSE 280nmEX./418m.CUT-OFF
INCREASING POLARITY
Fi^^_JU. Reverse-phase HPLC analysis of diesel particulate extract without fractionation.
Chromatographic conditions same as in Fig. 9.
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Fig. 12. Molecular structures of the compounds identified in the
PAH fraction of a diesel exhaust particulate extract.
32
Table 5. Concentrations of four selected PAH compounds in vehicle exhaust
particulates measured by reverse-phase HPLC analysis following solvent-solvent









Benzo [a]Pyrene 4.32 4.11
Fluoranthene 28.12 24.25
Benzo [k jFluoranthene 0.74 1.35
Benzo [ g,h,ijPerylene 5.08 7.56
The particulate samples were collected in the Allegheny Tunnel in Southwest,
Pennsylvania.
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structures of these compounds are shown in Fig. 12.
Further identification and confirmation of these compounds were carried
out by others at Ford Motor Company Research Laboratories using GC/MS and
HRMS techniques. (These techniques are beyond the scope of this study, and
therefore will not be discussed.) Quantitation of the peaks, and hence the
relative concentrations of four of the identified compounds (benzo[a]pyrene,
fluoranthene, benzo [kjfluoranthene and benzo[g,h,i Iperylene) were accom¬
plished by comparing the relative areas under the identified peaks with the
areas under the standard peaks. The relative concentrations of these
compounds are listed in Table 5. The other four identified compounds
(anthracene, pyrene, chrysene and perylene) were not quantified due to apparent
overlap of the peaks with other unidentified peaks.
Comparison of HPLC Procedure and Solvent-Solvent
Extraction Methods for the Fractionation of PAH
A solvent-solvent partitioning method as given earlier in Fig. 2 was
carried out for the enrichment of PAH. An aliquot of the sample discussed in
the above section was first separated by the method and the PAH fraction
obtained was analyzed by reverse-phase HPLC. For comparison, the chromato¬
gram from the sample is shown in Fig. 10b along with its HPLC counterpart.
Comparison of the two methods of separating the PAH fractions using
their respective chromatograms reveals some contrasting characteristics. As
seen on the chromatograms, the PAH fraction obtained by using the HPLC frac¬
tionation method (chromatogram "a") is cleaner than that obtained by using
solvent-solvent partition method (chromatogram "b"). The uprising baseline and
the complexity of the chromatogram as observed in "b" is an indication of the
presence of a large amount of non-PAH peaks in the fraction.
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3Table 6. Percent distribution of H-BaP internal standard in various fractions
of vehicle particulate extract after normal-phase HPLC and solvent-solvent
partition separations.
Separation Method Fraction % ^H-BaP
[ PAH 85.5















Further evaluation of the efficiency of each method for PAH recovery
during the separation of the particulate extracts was carried out using radio-
3
active H-BaP as an internal standard. The results are listed in Table 6. As the
data show, both methods gave essentially complete recovery of BaP.
The concentrations of four quantified PAH compounds obtained from the
two methods are listed and compared in Table 5. Within experimental error, the
data agree very well for BaP, fluoranthene and benzo[k] fluoranthene. A higher
benzo[g,h,i] perylene concentration was obtained from the normal-phase HPLC
method as compared with the solvent-solvent partitioning method. It is possible
that its concentration in the latter case was underestimated due to errors in
peak area measurement. As seen in Fig. 10b, the continuously changing slope of
the baseline made accurate peak area measurement very difficult for small and
broad peaks such as benzo [g,h,i] perylene (peak 8).
CONCLUSION
The use of the Radial Compression Column provided a rapid and clean
separation of vehicle exhaust particulate extract into three main fractions
according to their polarities. The method also gave a good material balance.
Over 95% of the extract analyzed was eluted with less than 4% loss. It thus
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